O método semi-empírico HAM/3, desenvolvido por Lindholm e colaboradores há mais de duas décadas, tem uma deficiência. As energias de excitação calculadas por HAM/3 para estados degenerados são desdobradas. Recentemente foi proposto um método para corrigir esta deficiência. Apresentamos aqui resultados de aplicações deste novo método para algumas moléculas com simetria
Introduction
The semiempirical MO method "HAM/3" was developed by Lindholm and coworkers 1 about two decades ago. This is a semiempirical version of density functional theory (DFT), that treats atoms in molecules according to Slater's idea of the shielding constants for the effective nuclear charges. A comparative study between HAM/3 and non-empirical DFT methods has been submitted elsewhere. 2 The HAM/3 method has been successfully applied to calculate ionization energies, electron affinities, and excitation energies of a wide variety of molecules. HAM/3 is a rare semiempirical SCF method that can calculate core electron binding energies (CEBEs). CEBEs calculated by HAM/3 have been recently correlated with biological activity of certain compounds. 3, 4 The principal limitation of HAM/3 is that it can treat molecules that contain only five types of atoms, namely, H, C, N, O and F. [5] [6] [7] [8] [9] [10] The HAM/3 method is therefore an alternative to more frequently used spectroscopic semiempirical methods such as CNDO/S and INDO/S. The original version of HAM/3, however, is known to have a deficiency that splits energies for the degenerate energy states of symmetric molecules. 7, 9, 10 Apparently, this has been a major obstacle to extensive examinations of HAM/3 in comparison with other methods. Chong 7 analyzed the origin of the deficiency for linear molecules and pointed out that INDOlike approximation formula for the repulsion integrals were needed to remedy the deficiency.
In analyzing our results 9 on fullerene C 60 , which were obtained using the HAM/3 program purchased from QCPE, 11 we noticed that the energy splittings in each set of degenerate energy states were rather small and are an outcome of the fact that the original symmetry is lost in the HAM/3 Hamiltonians. To remedy the deficiency, we have proposed 12 a group-theoretical approach instead of adjusting the repulsion integrals. The basic idea of our proposal was to recover the lost nature of symmetry for the HAM/3 Hamiltonian by taking the average of its similarity transformations over the molecular symmetry group. The procedure was described in detail in a previous publication. 13 The procedure is called symmetry-adapted HAM/ 3, abbreviated as SA-HAM/3. The object of the present work is to compare excitation energies of some symmetric molecules calculated by both the SA-HAM/3 and the original HAM/3 methods, and to discuss the effect of the symmetry adaptation in HAM/3. J. Braz. Chem. Soc.
Application to Symmetric Molecules
We present numerical results of methane CH 4 (T d ), ammonia NH 3 (C 3v ), eclipsed ethane C 2 H 6 (D 3h ), and CH(CH 3 )(CHO)OH (C 1 ). Geometrical structures of these molecules were obtained with MacSpartan at the AM-1 level and used for the present calculations. SCF-MO energies, excitation energies and oscillator strengths f for the singlet transitions, and triplet excitation energies were calculated. Excitation energies and oscillator strengths obtained from the HAM/3-CI calculations are of truncated active spaces. MO energies are shown only for those in the HOMO-LUMO vicinity of the molecules. Tables 1 and 2 show the results for methane CH 4 (T d ). In Table 1 , both the original HAM/3 and SA-HAM/3 show clear degeneracy for MO energies in t 2 levels. MO energies obtained from the SA-HAM/3 are identical to those obtained from the original HAM/3, that is, the symmetryadapted procedure did not affect the values of MO energies for this molecule. In Table 2 , the SA-HAM/3 shows clear degeneracy in T 2 , T 1 , E for the singlet excitation energies and oscillator strengths f, as well as for the triplet excitation energies. SA-HAM/3 shows that six singlet energy states between 41.142 eV and 41.574 eV are grouped into three energy levels, T 1 , E and A 1 , whereas the original HAM/3 does not show how the corresponding six states between 41.086 eV and 41.581 eV are to be grouped. Also notice the difference in the f-values between the original HAM/3 and the SA-HAM/3. For the triplet states, a similar situation as for the singlet states prevails. According to SA-HAM/3, the lowest triplet state is a strictly degenerate T 2 level with 30.427 eV. The original HAM/3, however, gives split energies for the triplet states. Table.  Tables 3 and 4 show the results for ammonia NH 3 (C 3v ). Table 3 shows no significant discrepancy in MO energies between the original HAM/3 and the SA-HAM/3. In Table  4 , clear degeneracy corresponding to the E states are seen in the singlet excitation energies and oscillator strengths f, as well as in the triplet excitation energies in the case of SA-HAM/3 calculations. The Table shows strengths are also doubly degenerate. The original HAM/3 results do not show strict degeneracy both in the excitation energies and the oscillator strengths f. A similar situation prevails for triplet excitation energies. Tables 5 and 6 show the results of eclipsed ethane C 2 H 6 (D 3h ). In Table 5 , MO energies obtained from SA-HAM/3 are identical to those obtained from original HAM/3 and the symmetry-adapted procedure did not affect the values of MO energies. In Table 6 , clear degeneracies are seen in the singlet excitation energies and oscillator strengths f of the E' as well as E" states both in the SA-HAM/3 and original HAM/3. The values of triplet excitation energies calculated with SA-HAM/3, however, differ from those calculated with original HAM/3. The discrepancy is due to the error involved in the original subroutine CICAL of the HAM/3 program 11 for triplet states, which has been properly corrected in the SA-HAM/3 program.
13 Tables 7 and 8 show the results for CH(CH 3 )(CHO)OH (C 1 ). Since this molecule has no symmetry, one expects no effect of the symmetryadapted procedure. In Table 7 , MO energies obtained from original HAM/3 and SA-HAM/3 are listed. Both sets are identical as expected. The same is observed in Table 8 for the singlet excitation energies and the oscillator strengths f. However, some values of triplet excitation energies calculated with SA-HAM/3 differ from those calculated with original HAM/3, which is due to the error involved in the original subroutine 11 "CICAL" for triplet states.
Conclusions
We have demonstrated the effect of a symmetry adaptation of HAM/3 (SA-HAM/3) on calculated excitation energies and oscillator strengths f of fairly simple molecules with various symmetries, by comparing them with those calculated by the original HAM/3. SA-HAM/3 showed clear degeneracy of excited states in symmetrical molecules that were treated, while original HAM/3 failed. Since the object of the present work is a comparison between SA-HAM/3 and original HAM/3, neither observed values nor other theoretical results were included in the discussions. The HAM/3 method is an alternative to a limited number of spectroscopic semiempirical methods like CNDO/S and INDO/S. The latter methods are widely applied to planar conjugated molecules as the parameter values are determined essentially for ππ* transitions. On the other hand, the application of the HAM/3 method to
